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-Conjugated and unconjugated bilirubin were injected intravenously at different times into normal rats and homozygous, jaundiced Gunn rats. As was expected, Gunn rats did not excrete injected unconjugated bilirubin in the bile. After the intravenous injection of conjugated bilirubin into normal rats, approximately twice as much bilirubin appeared in the bile per I oo g of body wt within IO min than after the injection of comparable amounts of unconjugated bilirubin.
This difference probably reflects the time required for cellular uptake and conjugation of bilirubin prior to excretion. The maximal biliary bilirubin excretory rate in Gunn rats following the administration of conjugated bilirubin was 56A8.4 (S.D.) pg of bilirubin excreted/loo g body wt/min. This does not differ significantly from the maximal biliary bilirubin excretory rate observed in normal rats after infusions of either conjugated or unconjugated bilirubin.
This demonstrates that conjugation alone does not limit metabolism of bilirubin by normal rat liver. These studies, when considered in the light of other investigations, suggest that the ability to excrete conjugated bilirubin is the limiting factor in metabolism of bilirubin by normal rat liver.
I N RECENT YEARS it has been demonstrated that bilirubin is conjugated in the liver mainly with glucuronic acid (1-3) but also with sulfate and perhaps other substances (4) and that conjugation is required for the excretion of bilirubin into the bile and urine (5). The complete mechanism by which bilirubin is metabolized by the liver may be considered to involve at least three processes ( Fig. I ) : a) the uptake of bilirubin from plasma by the liver cell; 6) the conjugation of bilirubin, primarily with glucuronic acid; and c) the excretion of conjugated bilirubin into the bile. The physiological limitations of each of these processes in effecting the tubing, and a 24-gauge needle was inserted in the free end. The needle was connected to a delivery syringe that, in the second group of experiments, was driven by a motor at a speed of delivery of approximately 1 ml of solution/3 min. Unconjugated bilirubin was prepared by dissolving IOO mg of recrystallized bilirubin (Eastman) in 50 ml of isotonic solution containing 0.52 g Na&O3 and 0.52 g NaCl/ 1 oo ml (I ml contained 2 mg bilirubin). The solution was prepared freshly for each experiment and was kept in the dark at 4 C. The bilirubin concentration was estimated by the method of Malloy and Evelyn (9 (9) and by paper chromatography of the pigments after diazotization (3) . Subsequently, bile was collected from the cannulated common bile ducts of normal rats receiving infusions of unconjugated bilirubin. This bile was treated in a similar manner.
The "direct-reacting" and "indirect-reacting" bile pigments in serum were estimated by a micromodification of the method of Malloy and Evelyn (9). The method described by Weinbren and Billing (8) was used for the estimation of pigments in bile.
PROCEDURE E$ect of single intravenous injections of unconjugated and conjugated bilirubin on serum bilirubin levels and pigment excretion in bile in normal and Gunn (jj) rats. Single doses of o. I and 2.5 mg of unconjugated bilirubin/r oo g of body wt were each given to six normal Wistar rats and to two Gunn rats. Blood samples were obtained for estimation of the concentration of bilirubin in the serum before the injection and at approximately 4-min intervals. The bile was collected continuously, and the collecting tube was changed every 3-5 min. Fig. 2 shows the disappearance of injected unconjugated bilirubin from the plasma in a representative normal rat and the rate of bile pigment excretion in micrograms per IOO g of body wt/min in each of the collecting periods. Similar observations are shown for a representative Gunn rat. As was expected, the Gunn rat was unable to clear injected unconjugated bilirubin from the serum at a normal rate (IO), and the rate of pigment excretion in the cannulated common bile duct did not exceed I 4 pg/Ioo g of body wt / min, during the experiment.
Single doses of approximately I .o and 3.0 mg of conjugated bilirubin/Ioo g of body wt (calculated for bilirubin diglucuronide) were similarly given to four normal and four Gunn rats. Fig. 3 indicates the disappearance of injected conjugated bilirubin from the serum and the rate of pigment excretion in the cannulated common bile duct in a representative normal and Gunn rat. Both the rate of disappearance from the serum and the rate of biliary excretion of injected conjugated bilirubin appeared to be similar in the normal and in the Gunn rats.
Although the data in Fig. 3 suggest that normal rats may excrete the larger dose of conjugated bilirubin faster than Gunn rats, the differences indicated are not statistically significant when the results obtained in the group of eight animals are compared.
In the normal rats excretion of injected conjugated bilirubin was more rapid than unconjugated bilirubin. Fig. 4 The standard deviation of the mean for these determinations was not more than IO %. The maximal biliary excretion in normal rats following infusion of unconjugated bilirubin was 6g pg of bilirubin excreted/100 g of body wt/min rt 9.2 S.D., and in two Gunn rats 8.2 and 6.4 pg of bilirubin were excreted/i00 g of body wt/min.
The maximal biliary excretion in normal rats following the administration of conjugated bilirubin was 58 + 10.0 S.D. and in Gunn rats was 56 =t 8.4 S.D. The maximal biliary excretion following the administration of conjugated bilirubin to Gunn rats was similar to that observed in the normal rats after infusions -.
-l l l l l l l l 1l l l l l l (Fig. 4) . The entire curve of biliary excretion of injected conjugated bilirubin is shifted to earlier time periods than that following the injection of comparable amounts of unconjugated bilirubin (Fig. 2, 3 ). This delay perhaps reflects the time required for uptake and conjugation of bilirubin by the liver cell. 
